We studied the behavior for neem seedlings subjected to irrigation water salinity and bovine biofertilizer and soil drainage. An experiment was carried during the period of January to June/2016 in greenhouse with plants grown in pots. The experimental design was a randomized block with factorial scheme 5×2×2 and four repetitions. The factors consisted of application of the five levels of irrigation water salinity: 0.5 (control treatment), 1.5, 3.0, 4.5 and 6.0 dS m -1 , in soil without and with bovine biofertilizer (2), tested in the absence and presence (2) of drainage of soil. The variables analyzed were the electrical conductivity of saturated extract, emergency velocity index, plants height, stem diameter, number of leaves, dry weight of shoot, root and total. The 30-dayold plants were irrigated daily with saline waters (treatments) in volumes sufficient to maintain the soil with water content at level of field capacity. Neem seedlings were negatively affected by increased salinity of irrigation water. Since the growth is affected from the electrical conductivity of 0.5 dS m -1 ; therefore, we conclude that the species is considered to be sensitive to salinity. The results showed that application of bovine biofertilizer and soil drainage are agricultural practices that can minimize the effects of the salts the neem seedlings but does not eliminate it.
Introduction
The growing need to increase food production constitutes a serious scientific and technological challenge which has required expansion of the cultivated areas. However, this search not only takes into account the incorporation of agricultural areas suitable for cultivation of neem, but also harnesses the degraded areas especially in semiarid regions, salt affected soils, and waters with inferior quality, such as those with high salinity (Bernard et al., 2010; Pandey et al., 2017; Liang et al., 2018) . For production of good quality neem seedling in semiarid regions, efficient and low cost methodologies should be adopted. It has been reported that neem is moderately tolerant to salinity during the first year but may have their growth inhibited by salinity and sodicity and other limitations such as water shortage in terms of quantity and quality (Martins et al., 2010; Freire et al., 2010; Pedrotti et al., 2015; Rajput et al., 2018) . According to Yang et al. (2011) , Souza et al. (2017) and Neves et al. (2018) it is difficult to grow or increase the productivity of many crops in periods of drought and high temperatures especially under high salt conditions. In this sense, one of the methods to minimize the deleterious effects of salinity is through using soluble salts leaching present in the root zone. On the other hand, the major concern with the water used in agricultural soils is the degradation of soils by the excess of salts present in irrigation water. Therefore, some alternative methods have been employed such as organic farming, among them, the bovine biofertilizer, supplied in liquid form to the soil Sá et al., 2015; Byrt et al., 2018) .
The first requirement for the recovery of any salt affected soil is to perform adequate drainage. In a well-drained soil, the salinity can be reduced into a tolerable level (Liang et al., 2018) . The quantity of water needed to wash the soil profile is determined according to of the initial level of soil salinity, the final desired level of salt, the physical characteristics of the soil, the depth (depends on of the culture to be explored) and other properties of soil to be retrieved. It also depends on the method of soil washing (Rajput et al., 2018) . The positive action of bovine biofertilizer for edaphic improvement in terms of aeration dynamics and water in the soil mainly depend on the humic substances originated from the organic matter, which can mitigate the depressive effects of salinity saline waters to the plants (Baalousha et al., 2006; Souza et al., 2016; Neves et al., 2018) . The use of organic inputs should inhibit the saline action of the waters and stimulate the initial growth of neem plants during seedling formation (Mellek et al., 2010; Liu et al., 2018; Neves et al., 2018) . However, little information is available on the behavior of the neem irrigated with saline water and the application of techniques that minimize the effects of the salts on plants, along with the drainage system and the addition of bovine biofertilizer in the soil. In that sense, the experiment was conducted under protected environment to evaluate the performance of neem seedlings subjected to different salinity levels of irrigation water in the soil with bovine biofertilizer and soil drainage.
Results and discussion

Soil salinity
We measured the electrical conductivity values of the soil before starting the experiment (Table 1) and also 180 days after sowing (Fig. 1) . Before experiment, the soil had the electrical conductivity of 0.79 dS m -1
. It was increased up to 17.61 dS m -1 at the end of the experiment in the treatments without soil drainage and with bovine biofertilizer (Fig. 1A) . The substrates evaluated by soil drainage and increasing salinity of irrigation water, the values varied from 11.41 to 13.50 dS m -1 in soil with and without bovine biofertilizer, respectively (Fig. 1B) . A high electrical conductivity value of 3.39 dS m -1 was observed in the soil treated with biofertilizer compared to the no biofertilizer treatment. This value might be corresponded to a severe water restriction due to soil salinization (Ayers and Westcot, 1999) . In addition, the average temperature in the greenhouse (place of experiment) reached up to 44.9 ºC. This high temperature may also have contributed to the significant increase in salinity with negative its effects on the vegetative behavior of plant (Cavalcante and Cavalcante, 2006; Liang et al., 2018) . Significant effect on the interaction of salinity × biofertilizer on the index of germination velocity of neem seedlings was also observed. The viability of neem seeds was 89%, before the application of treatments. It is verified that treatment with bovine biofertilizer stimulated the speed of seedling emergence of neem at 50 days after sowing (DAS) (Fig. 2) . Application of biofertilizer linearly increased velocity index of emergency from 0.238 to 0.99 due to using smaller and larger water salinity (0.5 and 6.0 dS m -1 ), respectively. However, under organic compost, this parameter was reduced by 35.67% with increase of salinity from 0.5 to 6.0 dS m -1 . In this sense, there was greater energy expenditure by neem plants compared to the normal conditions. The tendency and effects of bovine biofertilizer in reducing harmful action of salts on neem seedling emergence was seriously compromised by the salts. This was similar to those presented by Freire et al. (2010) and Neves et al. (2018) , who evaluated the emergence and initial growth of castor beans (Ricinus communis) and guava irrigated with saline water. A similar tendency was also recorded by Nunes et al. (2009) , which showed a high increase in salinity levels of irrigation water in soil with bovine biofertilizer, resulted in the decrease of the emergency speed index in noni seedlings (Morinda citrifolia). Generally, the use of biofertilizer in arid and semiarid regions should be aimed to potentiate the growth and the yield of the crops, because its positive biological effects will happen in later years after application. The biological fertilizers have greater acceptance due to lower costs, if compared with the chemicals products. They also leave no or less residual effects on the environment (Boraste et al., 2009; Mellek et al., 2010; Silva et al., 2011) .
Morphogenic characteristics of plants
In soil without the agricultural drainage (Fig. 3A) , the growth (height) of plants were ranged from 13.98 until 49.54 cm, in the soil without and with bovine biofertilizer, respectively. However, plants showed inhibition in growth or loss of physiological quality and biological processes after applying saline water (0.5 dS m -1 ). Fig. 3B , shows that in spite of the high dispersion of data, the height of neem seedlings were increased from 16.61 to 38.28 cm, in soil without and with the organic input, respectively, at the highest level of salinity tested in the experiment (6.0 dS m -1
). This response can be probably attributed to the osmotic component resulting from high concentrations of dissolved salts in the soil solutions. This will reduce the osmotic potential of the solution, consequently decreasing the availability of water for plants (García et al., 2011) . The number of leaves in neem seedlings responded to the effects of salinity and biofertilizers (Fig. 4) . The plants of neem evaluated at the end of experiment, showed a drastic reduce in leaves from 18 to 9 and 37 to 26, when subjected to the soil without and with bovine biofertilizer, where these dates refers to lower and higher salinity of irrigation water of 0.5 and 6.0 dS m -1 , respectively (Fig. 4) . The increase of salt stress in irrigation water inhibited the emergence of new leaves, reflecting negatively on the expansion of leaf area, and thereby damaging the physiological and biochemical processes of the neem plant. Reduction in leaves number were also reported by Rebequi et al. (2009) and Mesquita et al. (2012) during the formation of seedlings of yellow passion fruit (Passiflora edulis Sims) and rangpur lemon (Citrus limonia Osbeck) using irrigation with saline water, with smaller declines in plant treatments with bovine biofertilizer. Under these conditions, the reduction in the number of leaves is caused by abscission, in function of senescence precocious by the toxic effects of salts excess in the irrigation water (Liang et al., 2018) . ; ESP = exchangeable sodium percentage (100 × Na + /CEC). The stem diameter of the neem plants was influenced significantly by the effects of interaction between biofertilizer and salinity of soil, tested at level of 5% probability by test F (Fig. 5) . The stem diameter of the neem plants is associated varied from 4.32 to 3.51 mm in the soil without biofertilizer, under water salinity of 0.50 and 6.0 dS m -1
, respectively (Fig. 5 ). In the soils with bovine biofertilizer, the diameter of the neem plants ranged from 6.80 a 6.01 mm, corresponding to lower and higher water salinity. In soil without biofertilizer, the greatest value of stem diameter of 4.59 mm was achieved in salinity of 2.76 dS m . These results are also reported by Asik et al. (2009) to detect harmful effects of humus and humic acid on growth and yield of wheat (Triticum durum) under different levels of sodium chloride. In Fig. 6 , we verified that the neem plants grown in soil with bovine biofertilizer produced more biomass with supremacy for roots compared to aerial parts (stem and leaves). This superiority indicates positive action of biofertilizer in mitigating degenerative effects of salinity on the plants. The root dry biomass was ranged from 3.55 to 9.96 g plant -1
. The stem dry biomass oscillated from 2.38 to 6.50 g plant -1
. Regarding the biomass of dry of aerial part (leaves dry biomass); the neem plant showed significant variation in yield (2.25 to 7.89) at the end of the experiment (180 days). Finally, the total dry biomass showed higher values compared to all other factors, having oscillation from 5.93 to 16.46 g plant -1
. The comparative analysis at the end of experiment showed that organic input promoted an increase of 177.58% in production of the total biomass of neem plant, compared with the soil without biofertilizer. A similar situation was also recorded by Nunes et al. (2018) , after evaluating the effects of salt water in the soil with bovine biofertilizer, during the growth initial of neem seedlings.
Materials and methods
Biological materials
The seeds of neem (Azadirachta indica) were obtained from fruiting plants with three years of age, belonging to the experimental station of the State Research Company of Paraiba (EMEPA), João Pessoa city, Paraíba State, Brazil. The seeds presented 89% viability and such experimental unit was represented by a neem plant with two pairs of definitive leaves, fully expanded and without any defect or damage caused by disease, pests and none stress type.
Characterization of experimental location
The experiment was conducted in protected environment in the period January to June 2016, the Department of Soils and Rural Engineering, Center of Agricultural Sciences, Federal University of Paraiba, located in Areia, Paraiba State, Brazil, located by the points of geographical coordinates 6° 51' 47", 7° 02' 04" south latitude and 35º 34' 13" and 35º 48' 28" longitude west of Greenwich, with an altitude of 575 m above the sea level. The climate according to the Köppen classification is of type As' (hot and humid), according to Alvares et al. (2013) , with average annual precipitation of 1200 mm, the region's average temperature of 24.5°C, and average relative humidity of 71.5%. The soil of the experimental area was characterized as Oxisols Yellow-Red distrophic, sandy texture and non-saline (Embrapa, 2013), collected from the first 0.2 m depth. After collecting material samples they were transported to the laboratory and they were passed through a 2 mm mesh sieve and the physical attributes and chemical attributes of fertility and salinity were determined according to the methodologies contained in Embrapa (2017) and Richards (1954) , as shown in Table 1 .
Experiment set up and conduction
The treatments were distributed in randomized blocks with four replications in a factorial 5 × 2 × 2, referring to five salinity levels of irrigation water: 0.5, 1.5, 3.0, 4.5 and 6.0 dS m -1 soil; with and without bovine biofertilizer in the liquid form, with and without soil drainage to salts leaching levels. The value of the electrical conductivity of each type of water used for irrigation was obtained by dilution of a strongly saline water barrage (11.4 dS m -1 ) originating from the Jacaré pond located in the municipality of Remígio, Paraíba State, Brazil. The non-saline water had electrical conductivity of (0.5 d Sm -1 ) according to Souto et al. (2013) .
Irrigation was done daily with a volume of water to keep the soil with damp near field capacity, registering each volume applied. The irrigation with no saline water considered as control (EC iw =0.5 dS m -1 ) and saline waters (EC iw =1.5, 3.0, 4.5, 6.0 dS m -1 ). Each 15 days soil was watered with each type of water to irrigate the plants. We used plastic pots with a diameter of 0.2611 m base and 0.35 m in height, with a maximum capacity of 20 dm 3 . However, each treatment consisted of a drainage system prepared with a 0.02 m layer of thick gravel (n o . 20) and a layer of the same thickness washed with fine sand. At the bottom of the pots PVC hoses 5/16" × 0.8 mm were connected for drainage of the water. Two liters Percolated PET bottles were used for measurement of pH and electrical conductivity of the leachate. Each experimental unit consisted of only one neem plant aged 30 days per plastic pot, for standardization of seedling growth. The drainage system was initiated 63 days after seedling emergence and made every fortnight. The plants were irrigated daily with each water type. On the seventh day of water supply draining of soil was started. At this point, a further volume of each type of water corresponding to 10% of the volume applied was added to the soil washing and leaching the salts. After stop of drainage, leaching volume was measured and in each treatment the characteristics such as volume of water added, percolated, the volume of water retained in the soil, pH and electric conductivity of the percolated material were quantified. Then the total volume applied on the seventh day with the volumes supplied daily was calculated. The water drainage is characterized as potentially polluting in terms of the concentration of soluble salts, making it unsuitable for reuse in agriculture according to Diniz et al. (2013) .
Physical-chemical analysis of bovine biofertilizer
The biofertilizer was obtained from the mixture of equal parts of fresh bovine manure and water (no saline and nonchlorinated) in biodigester following anaerobic fermentation for 30 days (Viana et al., 2014) . Two days before seeding, the biofertilizer was diluted in ratio 1:1, in non-saline water and then 1.5 dm 3 was applied, corresponding to 10% of volume of the substrate (15 dm 3 ). For keeping the system up, a hose with 4 mm of diameter in upper base of the biodigester was installed and the other end immersed in bottle type PET 2L, containing water which was hermetically closed at the end. , and the electrical conductivity at 25 °C = 3.39 dS m -1 and pH = 6.74 according to the methodology presented Richards (1954) .
Evaluated characteristics
At the end of experiment, which was 180 days after planting (DAP), all plants were sacrificed for quantification of dry matter production. The neem seedlings were cut parallel to soil, and soon after, all the roots, stems and shoots were carefully removed. They were then washed with distilled water to remove the excess soil and blotted to remove excess water. The separate parts (roots, stems and leaves) were conditioned in a safe place in the laboratory of plants nutrition. Then the fresh biomass of each of the three bodies was measured with precision balance digital. Subsequently, the vegetative material dried (leaves + root) by drying in kiln with forced air circulation at a temperature of 65 °C up until reaching a constant biomass. The dry matter was measured using digital electronic balance with accuracy of 0.01g. At 30 days after emergence, thinning was carried out by leaving just one vigorous seedling seedling per pot. After sowing the pots were monitored to record the first count of normal seedlings emergence and daily counts until the end of emergence for evaluation of the index of emergency velocity. After this, plants height was measured with millimeter ruler. The stem diameter was determined using a caliper and number leaves.
Statistical analysis
Data were submitted to analysis of variance using the F test at 5% probability. Means referring to biofertilizer and drainage were compared by test 'F' that is conclusive to two factors and means relatives to salinity levels of the water by regression analysis using the statistic program Sisvar 5.1 Build 72 (Ferreira, 2011) .
Conclusion
The bovine biofertilizer and soil drainage improved the growth and development of the neem plants, compared to the soil with and without the respective input regardless of salinity level of irrigation water. The increase of water salinity raised the saline character of the soil and inhibited the growth of the plants, but with less intensity in the treatments with bovine biofertilizer and soil drainage.
